Chloroplast biogenesis at cold-hardening temperatures. Kinetics of trans-Δ3-hexadecenoic acid accumulation and the assembly of LHCII.
Etiolated seedlings developed at cold-hardening temperatures (5°C) exhibited etioplasts with considerable vesiculation of internal membranes compared to etioplasts developed at 20°C regardless of the osmotic concentration employed during sample preparation. This vesiculation disappeared during exposure to continuous light at 5°C. This transformation of 5°C and 20°C etioplasts to chloroplasts under continuous light at 5° and 20°C respectively proceeded normally with the initial development of non-appressed lamellae and the subsequent appearance of granal stacks. However, chloroplasts developed at 5°C exhibited fewer lamellae per granum than chloroplasts developed at 20°C.Although the polypeptide complements of etioplasts and chloroplasts developed at 5° or 20°C were not significantly different, monomeric light harvesting complex (LHCII3) was assembled into oligomeric light harvesting complex (LHCII1) during chloroplast biogenesis at 20°C (oligomer:monomer =1.8) whereas monomeric LHCII predominated at 5°C (oligomer:monomer =0.3). Low temperature fluorescence emission spectra of isolated thylakoids indicated that both the F685/F735 and F695/F735 were significantly higher after greening at 5°C than at 20°C. In addition, chloroplast biogenesis at 5°C was associated with a low ratio of trans-Δ3-hexadecenoic acid (0.5) in phosphatidylglycerol whereas at 20°C biogenesis was associated with a high ratio (1.6). Comparative kinetics indicated that the maximization of the trans-Δ3-hexadecenoic acid level precedes the assembly of monomeric LHCII into oligomeric LHCII during biogenesis at 20°C. It is suggested that low developmental temperatures modulate the assembly of LHCII by reducing the trans-Δ3-hexadecenoic acid content of phosphatidylglycerol such that monomeric or some intermediate form of LHCII predominates.